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© Method for preparing homochiral maleimide intermediates, via silylation techniques, used in the 
enantioselective preparation of antithrombotic and antl-vasospastic compounds. 



© A method is provided for preparing homochiral maleimide intermediates of the structure 




^ wherein R 7 , R 8 and R 9 are as defined herein by reacting a homochiral amine of the structure 

O 8 . 

U) H a »— C— R 7 

2l with maleic anhydride and a silylating agent. The maleimide intermediate is used in the enantioselective 
preparation of thromboxane A2 receptor antagonists. 
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The present invention relates to methods for preparing homochiral maleimides from homochiral amines 
and mateic anhydride employing silylation techniques. The resulting maleimides may be employed to 
prepare enantioselectively a 7-oxabicycloheptane carboxylic acid prostaglandin analog for use as an anti- 
thrombotic - anti-vasospastic product. 
5 In accordance with the present invention, methods are provided for preparing homochiral maleimide 
intermediates for use in the enantioselective preparation of 7-oxabicycloheptyl substituted oxazole amide 
prostaglandin analogs as described hereinafter which are useful as antithrombotic and anti-vasospastic 
compounds. 

Thus, in one aspect of the invention, a method is provided for preparing a chiral maleimide intermediate 
10 of the structure 



75 



20 



wherein 

R 7 is aryl or lower alkyl. 
R 8 is H, aryl or lower alkyl, and 
25 R 9 is H, OH or lower alkyl. which includes the steps of 
(a) providing an amine of the structure 



30 



H . 
H a H— C-* 7 

i. 

35 wherein R 7 , R 8 and R 9 are as defined above, and 

(b) treating the amine with maleic anhydride, a silylating agent and an organic base, such as an amine 
base, to form the maleimide intermediate I. 
The starting amine II will preferably be a chiral amine of the structure 

40 H H 

c c 

IXA "» HC-R* 

so that maleimide intermediate I formed will have a single chiral center as shown: 

so 



° " i 
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In another embodiment of the present invention, a method is provided for preparing a maleimide 
intermediate of the structure 



w 



15 



20 




XXX ^ ^ 

- OCAlfcy 1 
K 9 O 

wherein R 7 is aryl or lower alkyt, and R 8 is H, aryl or lower alkyl, which includes the steps of 
(a) providing an amine of the structure 



Ha»— C-R 7 

I 

OB 



wherein R 7 and R 8 are as defined above, 

(b) treating the amine with a silylating agent and maleic anhydride to form silylated compound of the 
25 structure 



30 



35 



XV 




N 

OSKAlkyl) j 



and 

(c) treating the silylated compound with water, a desilylating agent, a cyclizing agent, and an organic 
base to form the maleimide intermediate. 
40 The starting amine IIC will preferably be a chiral amine of the structure 

C 

45 i . 

XXD HC— R a 

I 

OH 

so wherein R7 is preferably phenyl and R 8 is preferably H. The chiral amine IIC is treated with a silylating 
agent, preferably 1 ,3-bis(trlmethylsilyl)urea t and the reaction mixture is treated with maleic anhydride, to 
form the silylated compound which preferably is 



55 
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to The siiylated compound is treated with water, desiiylating agent, preferably tetrabutylammonium fluoride, 
cyclizing agent, preferably acetic anhydride and base, preferably triethylamine to form the maletmide 
intermediate of the structure 



75 

XXXA 

20 




In a still further aspect of the present invention, a method is provided for preparing an oxazole acid of 
the structure 

25 

V 



30 



35 




wherein R 1 is hydrogen, lower alkyt, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, or an amide of the structure 

40 

OH HO 
II I I II 

-<CH a ) t -C-»-R a or -<CH 2 ) t -*-C-Rt 

45 

wherein t is 1 to 12 and R a is lower alky I, aryl, cycloalkyl or cycloalkylalkyl; 
R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or 

R' and R 2 together with the N to which they are linked form a 5- to 8-membered ring which contains 
only the single N heteroatom; 
so or esters thereof or pharmaceutically acceptable salts thereof, which includes the steps of forming a 
maleimide intermediate of the structure 



55 
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O 



5 




10 

(employing the methods of preparation as described above), reacting the above imide with furan in the 
presence of a Lewis acid to form an imide of the structure 




reducing the imide VI by reacting the imide VI with hydrogen in the presence of a reduction catalyst to form 
25 the imide intermediate 




and employing the imide intermediate VII to form the oxazole acid, ester thereof or pharmaceutical^ 
acceptable salt thereof. 

In a further aspect of the present invention, a method is provided for preparing an oxazole acid of the 
structure 

40 

V 



45 



50 




wherein R 1 and R 2 are as defined above, or esters thereof or pharmaceutically acceptable salts thereof, 
55 which includes the steps of forming an ester compound of the structure 



5 



EP 0 678 507 A1 



O 

1 ca a < 



IIIB 

CHjOCOCHj 



io (according to the method as described above), treating the ester compound with furan to form a compound 
of the structure 



VIA 

75 



° CH a COCH 3 

20 

treating the above compound with H 2 in the presence of a hydrogenation catalyst to form an ester of the 
structure 



25 

VXXA 



^4' 



° CH 3 OCOCHj 

30 

treating the ester with H2 in the presence of a reduction catalyst and then deacetylating with K2CO3 or other 
salt and alcohol to form the imide intermediate of the structure 



35 

VIIB 



CH a OH 

and employing the imide intermediate to form an oxazole acid, ester thereof or pharmaceutical^ acceptable 
salt thereof. 

The methods of the invention are outlined in Reaction Schemes 1 to 5 set out hereinafter. 

45 



50 
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Reaction Scheme 1 - Preparation of Chiral Maleimide 



Intermediate I 




10 
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45 
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wherein 

R 7 is aryl or lower alkyl. 

R 8 is H, aryl or lower alkyl and 

R 9 is H, OH or lower alkyl. 

Referring to Reaction Scheme 1 , in accordance with the present invention, a method for preparing a 
maleimide intermediate I is provided wherein amide acid lla is subjected to a silylation reaction by treating 
Ha with a siiylating agent in the presence of an organic base, and an organic solvent such as acetonitrile, n- 
butyl acetate or toluene, to form maleimide intermediate I. 

The amide acid lla is prepared by reacting amine II with maleic anhydride 



in the presence of acetonitrile, tetrahydrofuran (THF), ethylacetate or other inert organic solvent such as 
described above, employing a molar ratio of maleic anhydride:ll of within the range of from about 0.9:1 to 
about 1 .05:1 , preferably about 1:1. 

Starting amine II will preferably be in chiral form HA or IIB so that the final maleimide intermediate I will 
be in chiral form IA or IB. 

Examples of siiylating agents useful in the above reaction include, but are not limited to, 1 ,1 ,1 ,3,3,3- 
hexamethyldisilazane (HMDS), chlorotrimethylsilane (TMSCI), or 1 ,3-bistrimethylsilylurea (BSU), 
bistrimethylsilylacetamide (BSA), preferably HMDS. 

Examples of organic bases suitable for use in the above reaction include, but are not limited to, amine 
bases such as dtisopropylamine, triethylamine, diisopropylethylamine or tributylamine. 

In carrying out the above reactions shown in Scheme 1 to form maleimide I, the amine base will be 
employed in a molar ratio to amide acid lla of within the range of from about 1 .2:1 to about 1 .1:1. preferably 
about 1:1, while the siiylating agent is employed in a molar ratio to amide acid lla of within the range of 
from about 2:1 to about 1:1. preferably from about 1.8:1 to about 1.4:1. The reaction is carried out at a 
temperature within the range of from about 60 to about 1 10 • C. preferably from about 70 to about 100 * C. 
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Reaction Scheme 2 - Preparation of Chiral Maleimide 



Intermediate la 




25 

Referring to Reaction Scheme 2, in accordance with the present invention, a method for preparing 
maleimide intermediate la is provided wherein amine alcohol HO (which includes at least one chiral center, 
and R 7 is preferably phenyl) is reacted with a silylating agent and maleic anhydride in the presence of an 
inert organic solvent such as THF, toluene, glycine, acetonitrile or ethylacetate, at a temperature within the 

30 range of from about 45 to about 85 • C, preferably from about 50 to about 70 • C, to form sily lated compound 
IV which is cyclized by treatment with water and a desilylating agent (also referred to as a catalyst for 
desilylation) such as n-tetrabutyl ammonium fluoride (TBAF), potassium fluoride or cesium fluoride, in the 
presence of a cyclizing agent, such as an acid anhydride like acetic anhydride, or propionic anhydride, and 
an amine base such as triethylamine, tributylamine or diisopropylamine, to form maleimide intermediate la. 

35 The above reactions are carried out at a temperature within the range of from about 50 to about 70 * C, 
preferably from about 55 to about 65 * C. 

Examples of silylating agents and amine bases suitable for use herein include any of those set out 
about with respect to Scheme 1 and preferably are bistrimethylsilylurea (BSU) as the silylating agent and 
triethylamine as the amine base. 

40 In carrying our the above reaction shown in Scheme 2 to form maleimide la, the silylating agent will be 
employed in a molar ratio to amine alcohol IIC of within the range of from about 2.5:1 to about 5:1, 
preferably from about 3:1 to about 4:1, while the maleic anhydride is employed in a molar ratio to amine 
alcohol IIC of within the range of from about 0.75:1 to about 3:1, preferably from about 1:1 to about 2:1. 
The desilylating agent, such as TBAF, will be employed in a molar ratio to silylated acid compound IV 

45 of within the range of from about 0.05:1 to about 0.3:1, preferably from about 0.1:1 to about 0.2:1, while the . 
cyclizing agent, such as the acid anhydride will be employed in a molar ratio to silylated acid compound IV 
of within the range of from about 5:1 to about 20:1, preferably from about 7:1 to about 10:1, and the base 
will be employed in a molar ratio to silylated acid compound IV of within the range of from about 5:1 to 
about 15:1, preferably from about 7:1 to about 10:1. 

so 



55 



8 



EP 0 678 507 A1 

Reaction Scheme 3 - Preparation of Thromboxane Receptor Antagonist V Employing Maleimide 
Intermediate I A or IB (from Scheme 1) 



TO 




vx 



IX or IB 




55 



9 



EP 0 678 507 A1 
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Coupling Reaction 
1) oxalyl chlorlda, 

tolutna, DMT (cat.) 



COaalkyr 



XVI 



2) CH 3 C(0)C 2 H 5 

Aq. NaHCOj 



(CO a H) 



XV 



N 
OH 



20 



25 




XVI 



CO a alkyl 



i 

OB 
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Oxidation 

copper ( II ) bronlda , 
1, 8-dlazablcyclo- 
[5.4.0] undac-7-ana 
(DB0) , baxaaatfcylana- 

CH 2 CX 2 or CH 3 CH 

» VA 




30 



35 




Salt formation 
sodlua mm thoxlda , 
acatono, aathanol 



VC 




In addition, in accordance with the present invention, a method for preparing thromboxane receptor 
antagonists VA, VB and VC is provided as shown in Reaction Scheme 3. 

In Reaction Scheme 3, imide VII is prepared by a Diels-Aider reaction of maleimide IA or IB (which 
includes at least one chiral center) with furan employing a molar ratio of furan:IA or IB of within the range of 
55 from about 2.5:1 to about 10:1 , preferably from about 3:1 to about 4:1 , in the presence of a Lewis acid, such 
as AlCb, AlBra, FeBr3, TiCU or SnCU and inert organic solvent such as methylene chloride, dichloroethane 
or toluene, under an inert atmosphere such as argon, to form the exo adduct VI. Exo adduct VI is reduced 
by reaction with hydrogen in the presence of a catalyst such as Pd/C, Pd-BaSO* or Pt-C, in the presence of 
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inert organic solvent, such as ethyl acetate, toluene or tetrahydrofuran, to form imide VII. 

Imide VII is then subjected to an addition reaction by treating VII with a metallated aryl compound of the 
structure 



vxxx 

10 




is wherein Metal is MgBr or Li. Where Metal is MgBr, such Grignard reagent VIII is prepared by dissolving the 
halide 



20 

VXXIA 



25 




(wherein haiide refers to Br or I), 

in an inert organic solvent, such as THF, dioxane, toluene or t-butylmethyl ether, and mixing the so-formed 

30 solution with magnesium to give the aryl Grignard reagent VIII. 

A cooled solution of imide VII in an inert organic solvent such as THF, t-butylmethyl ether, toluene or 
dioxane, is mixed with a solution of an aikyi (or aryl) magnesium halide such as ethylmagnesium chloride, 
ethylmagnesium bromide or phenyimagnesium chloride (used only if R 9 is OH) in the same solvent used 
for imide VII, followed by the Grignard reagent VIII, to form intermediate IX which is reduced, for example, 

35 by reaction with a reducing agent such as sodium borohydride, lithium borohydride or zinc borohydride. in 
the presence of an alcohol solvent such as ethanol or methanol, to form amide X. 

Where the metallated aryl compound VIII to be employed is the aryl lithium derivative XB and Ffe =OH, 
imide VII may be first treated with an alkyl lithium compound (R a Li where R a is lower alkyl) such as 
methyllithium, ethyllithium or butyllithium, and then with the aryllithium derivative VIIIB 

40 




in the presence of an inert organic solvent such as THF, toluene, tert-butylmethyl ether or diethyl ether. The 
resulting intermediate IXA (same as IX except MgBr is replaced with U) is reduced as described for IX to 
form amide X. 

Amide X is made to undergo lactonization by dissolving X in toluene and heating to form the lactone XA 



13 



BNSOOC1D:<EP 0678607 A 1 I > 



EP 0 678 507 A1 



XA 



10 




16 which is treated with water and a base such as NaOH, KOH, LiOH, Mg(OH>2 or Ca(OH>2 in the presence of 
an alcohol solvent such as ethanol or methanol, to form the salt XB 



XB 



20 



25 



30 




35 



40 
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where M* is a metal ion such as Na\ K + and the like. 
X may be treated with NaOH directly to form saft XB. 

Salt XB is then treated with strong acid such as hydrochloric acid, sulfuric acid, or nitric acid in the 
presence of an inert organic solvent, such as THF, isopropanol or dioxane, to form starting aldehyde XI as a 
single enantiomer as shown in Scheme 3. 

Aldehyde XI, preferably in substantially enantiomerically pure form, is made to undergo a Horner- 
Emmons reaction wherein aldehyde XI is treated with a phosphonic diester compound XII in the presence 
of a base such as 1 ,8-dia2abicyclo-[5.4.0]undec-7-ene (DBU), or 1 ,5-diazabicyclo-[4.3.0]non-5-ene (DBN), or 
Hunig's base (diisopropyl-ethylamine), preferably DBU, and an inert organic solvent such as acetonitrile, 
tetrahydrofuran (THF), dimethoxyethane or toluene, preferably, acetonitrile, and an alkali metal salt such as 
lithium chloride, lithium bromide, or an alkaline metal salt such as MgBra, or magnesium methoxide, to form 
the ester XIII wherein R is lower alkyl such as methyl or ethyl (ester XIII will be primarily in the form of the 
trans isomer). 

Alternatively, the Horner-Emmons reaction may be carried out by substituting for DBU, as a base, an 
alkali metal hydride such as sodium hydride, or lithium bis(trimethylsilyl)amide, or potassium t-amylate, in 
an inert organic solvent such as tetrahydrofuran, toluene or dimethoxyethane. 

In another variation, the aldehyde XI may be homologated to form ester XIV by treating XI with a 
magnesium salt of a monoaikyl malonate of the structure 



XIIA 



o o 

>a><a 
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wherein R° is a lower alkyl, such as methyl or ethyl, in the presence of THF or other etheral solvent such as 
diethyl ether. 

The ester XIII (primarily in the form of the trans isomer) will be subjected to a hydrogenation wherein 
ester XIII is treated with hydrogen in the presence of a hydrogenation catalyst such as Pd(OH)2/C or Pd/C, 
5 and in the presence of an alcohol solvent such as methanol or ethanol, and an inert organic solvent such as 
THF, ethyl acetate or dioxane, to form carboxylic acid XIV. 



XIV 




o 



wherein R is lower alkyl, preferably methyl or ethyl. 

20 The carboxylic acid XIV intermediate is employed to prepare a thromboxane receptor antagonists VA- 
VC. Carboxylic acid XIV is subjected to a coupling reaction wherein carboxylic acid XIV in an inert solvent 
such as toluene, methylene chloride, or 1 ,2-dichloroethane is treated under an inert atmosphere with a 
catalytic amount of DMF. The resulting mixture is cooled below 0*C and oxaJyl chloride or other reagent for 
acid chloride formation such as thionyl chloride is added to form an acid chloride solution. Where thionyl 

25 chloride is to be employed, carboxylic acid XIV need not be treated with catalytic DMF. 

Amide XV (prepared as described in Scheme 5) is added to an aqueous sodium bicarbonate solution 
and an inert organic solvent such as methyl ethyl ketone, methylene chloride or THF is added to form a 
biphasic mixture which is cooled to from about 30 to about -10 - C. The previously prepared acid chloride 
solution is added and the mixture heated to a temperature within the range of from about 40 to about 80'C 

30 to form amide XVI. 

Amide XVI is mesylated by treating a solution of amide XVI in DMF or other solvent such as methylene 
chloride or THF, with an organic base such as triethylamine, pyridine or 2.6-lutidine and then while 
maintaining the mixture below about 5 • C, methanesulfonyl chloride is added to form the mesylate XVIA. 
Mesylate XVIA is cyclized by treating XVIA with triethylamine or other organic base as set out above, in the 

35 presence of DMF or other solvent as set out above to form oxazoline XVII. 

Oxazoline XVII is oxidized using cupric bromide and 1 ,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in the 
presence of hexamethylenetetramine and inert organic solvent such as methylene chloride to form oxazole 
ester VA which is saponified by treatment with strong base such as NaOH, KOH and the like, in aqueous- 
organic solvent such as THF or dioxane. and then is acidified by treatment with strong acid such as HCI, 

40 sulfuric acid or trifluoroacetic acid to form oxazole acid VB. Oxazole acid VB may then be treated with alkali 
metal alkoxide such as sodium methoxide, sodium 2-ethyl-hexanoate or sodium ethoxide. in the presence of 
inert organic solvent such as acetone, THF or ethyl acetate, and an alcohol such as methanol or ethanol to 
form oxazole salt VC. 

Referring to Reaction Scheme 5, the amide XV (used in Scheme 3) is prepared by reacting an aqueous 
45 solution of L-serine and NaOH with benzyl chloroformate to form carbobenzyloxy-L-serine which is treated 
with DBU under an inert atmosphere. Thereafter trimethylacetyl chloride and amine XX are added to form 
amide XXI which is deprotected by treatment with H 2 and Pd/C in the presence of an alcohol solvent, such 
as ethanol or methanol, to form amide XXII which is treated with oxalic acid (or another acid such as HCI or 
trifluoroacetic acid) in the presence of alcohol solvent such as ethanol or methanol to form amide XV. 
so In the amine XX, R 1 and R 2 are as defined in U.S. Patent No. 5,100.889 which is incorporated herein by 
reference. 

Thus, R 1 is hydrogen, lower alkyl, aralkyl. aryl, cycloalkyl, cycloalkylalkyl, or amide 



( - (CH a > t-c-»-«% or • < CH 3> t-»-c-**> 
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wherein t is 1 to 12 and R a is lower alky I, aryl, cycloalkyl, or cycloalkylalkyl); and 

R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or R 1 and R 2 together with the nitrogen to which they are 

linked may form a 5- to 8- membered ring. 

R 1 is preferably lower alkyl such as n-pentyl, aryl such as phenyl, halophenyl such as 4-chlorophenyl, 
5 or cyclohexylalkyl, such as cyclohexylbutyl. 
R 2 is preferably H or phenyl. 

Reaction Scheme 4 - Preparation of Thromboxane Receptor Antagonist I Employing Maleimide 

10 Intermediate la (from Scheme 2) 
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Still further in accordance with the present invention, a method for preparing thromboxane receptor 
antagonists VA, VB and VC is provided as shown in Reaction Scheme 4. 

Compound la is reacted with furan (employing a ratio of furamla of within the range of from about 30:1 
to about 15:1, preferably from about 25:1 to about 20:1, in the presence of a Lewis acid catalyst, such as 
5 SnCU. AlCb, A! Br 3, FeBr3, Znb or TiCU, in an inert organic solvent such as dichloromethane, dich- 
loroethane or toluene to form exo compound VIA. 

Compound VIA is reacted with hydrogen in the presence of a catalyst such as Pd/C, Pd-BaSOi or Pt-C, 
to form VIB, followed by deacetylation with alkali metal carbonate, such as K2CO3 or U2CO3 or Na2C03, 
preferably K2CO3 to form VIIB. 
10 Imide VIIB may then be employed in place of imide VII to prepare compounds of formulae VA, VB and 
VC following Reaction Scheme 3. 
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Reaction Scheme 5 - Preparation of Starting 
Compound XV 



" OH . 
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In carrying out the method of the invention as shown in Scheme 3, the Homer-Emmons reaction for 
preparing carboxylic acid XIV, is carried out in the presence of base and optionally an alkali or alkaline 
50 earth metal salt such as a lithium halide, for example, lithium chloride, lithium bromide, lithium iodide or 
magnesium bromide, employing a molar ratio of phosphonic acid XII: aldehyde XI of within the range of 
from about 1:1 to about 1.5:1, preferably from about 1:1 to about 1.2:1, under an inert atmosphere such as 
argon or nitrogen, to form the ester XIII in a ratio of transxis isomers of within the range of from about 14: 1 
to about 36:1. 

55 Where ester XIII is formed by homologation of aldehyde XI employing the magnesium salt of a 
monoalkylmalonate (XIIA), the magnesium salt XIIA will be employed in a molar ratio to aldehyde XI of 
within the range of from about 1:1 to about 2:1. 
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The so-formed ester XIII is then hydrogenated preferably employing Pearlman's catalyst (Pd(OH)2/C) to 
form the carboxylic acid XIV. Other catalysts, such as palladium on carbon may be employed in carrying 
out the hydrogenation step. 

The imide VII is subjected to an addition reactipn, such as a Grignard reaction, to ultimately form 
5 aldehyde XI of desired optical purity. 

In carrying out the Grignard reaction, the aryl Grignard reagent VIII is prepared by treating a solution of 
2-(2-halophenyl)-1,3-dioxolane (where halo is Br or I) in THF or other inert organic solvent such as dioxane 
or t-butylmethyl ether, with magnesium, preferably in the form of Mg turnings, employing a molar ratio of 
' Mg:2-<2-bromophenyl)-1,3-dioxolane of within the range of from about 2:1 to about 1.0:1. preferably from 
to about 1 .1 :1 to about 1 .5:1 . 

If imide VIIB is used, instead of VIIA, which has Rs =OH, then imide VIIB is first treated with an alkyl- or 
aryl- magnesium halide (e.g. Cl~, Br" or I"), preferably ethyl magnesium chloride, employing a molar ratio 
of imide VIIB to ethylmagnesium halide within the range of from about 1:1.1 to 1:1. The aryl Grignard 
reagent VIII (made as described above) is then mixed with the reaction solution employing a molar ratio of 
75 imide VII to aryl Grignard reagent VIII of within the range of from about 1:4 to about .1:1, preferably from 
about 1:1.2 to about 1:2.5. If imide VIIA is used then the aryl Grignard reagent VIII (made as described 
above) is mixed with imide VIIA employing a molar ratio of imide VIIA to aryl Grignard reagent VIII of within 
the range of from about .1 :3 to about 1:1.1. preferably from about 1 :1 .4 to about 1 :2. 

To achieve desired optical purity in the final aldehyde XI, it is preferred that the Grignard reaction be 
20 carried out employing ethylmagnesium chloride in a molar ratio to imide VIIB of within the range of from 
about 0.9:1 to about 1.2:1, preferably from about 1.0:1 to about 1.1:1. The ethylmagnesium chloride will be 
employed in solution, preferably in THF, at a concentration^ within the range of from about 1.0 M to about 
2.5 M, preferably from about about 1.5 M to about 2.0 M. The reaction of VIII with imide VIIB will be carried 
out at a temperature within the range of from about -78 -C to about 40 *C. preferably from about -40 to 
25 about 20 # C. 

The ratio of desired to undesired enantiomers obtained using the above conditions will range from 
about 90:10 to >99:1. 

Ethylmagnesium bromide may be employed in place of ethylmagnesium chloride with a resulting 
decrease in ratio of desired to undesired enantiomers for imides VIIB where Rs =OH. 

30 Where the addition reaction of imide VIIB having R9=OH to form intermediate IX is carried out 
employing the metallated aryl compound VIII where the metal is Li, imide VIIB is first treated with the alkyl 
lithium compound R a Li employing a molar ratio of R'thVIIB of within the range of from about 0.9:1 to about 
1.2:1. The imide VIIB is then treated with the Li aryl compound V1IIB employing a molar ratio of VIHB:VIIB of 
within the range of from about 1:1 to about 1:3. 

35 The above reactions are carried out at a temperature within the range of from about -78 # C to about 
40'C. 

The alcoholate IX resulting from the addition reaction, such as the Grignard reaction is then reduced 
employing a molar ratio of reducing agenfclX of within the range of from about 0.5:1 to about 3:1, preferably 
from about 0.8:1 to about 2:1. 

40 The resulting amide X is made to undergo lactonization employing a molar ratio of toluene:X of within 
the range of from about 20:1 to about 10:1, preferably from about 16:1 to about 12:1. The toluene-X mixture 
is heated to a temperature of within the range of form about 60 to about 120 # C, preferably from about 110 
to about 115'C to form lactone XA. Lactone XA is treated with basealcohol in a molar ratio of within tbe 
range of from about 0.1:1 to about 1.0:1, preferably from about 0.2:1 to about 0.4:1. The mixture is extracted 

45 with ethyl acetate and the aqueous layer is acidified with strong acid to achieve a pH of within the range of 
from about 1 to about 2. 

The ethyl acetate wash may be treated with an acid such as oxalic acid and used to recrystallize 
starting material IIC (R 7 =CsH5) such as (ShphenylglycinoMCCkHfc. 
The halide compound 

50 



55 
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70 

(for example, 2-(2-bromophenyl)-1 ,3-dioxolane) employed to prepare Grignard reagent VIII is prepared by 
reaction of the aldehyde 



75 




20 

with ethylene glycol and p-toluenesulfonic acid in the presence of an aromatic solvent such as toluene, 
benzene or xylene, under an inert atmosphere such as nitrogen, at a temperature within the range of from 
about 80 to about 150 "C, preferably at reflux. 

25 In carrying out the preparation of the thromboxane receptor antagonist products VB and VC, amide XV 
is employed in a molar ratio to acid XIV of within the range of from about 1.5:1 to about 1:1, preferably from 
about 1.1:1 to about 1:1. to form amide XVI. Amide XVI is mesylated employing a molar ratio of 
methanesulfonyl chloride:XVI of within the range of from about 2:1 to about 1:1, preferably from about 1.3:1 
to about 1:1 and a temperature within the range of from about -20 to about 60 *C, preferably from about 0 

30 to about 25*C. 

The resulting mesylate XVIA is cyclized employing a molar ratio of triethylamine or other organic 
base:XVIA of within the range of from about 4:1 to about 2:1, preferably from about 3.5:1 to about 2.5:1, to 
form oxazoline XVII. Other organic bases which may be employed include diisopropylethylamine, pyridine 
or 2,6-lutidine. 

35 The cupric bromide oxidation of oxazoline XVII is carried out at a temperature of within the range of 
from about 20 *C to about 70 *C, employing a molar ratio of cupric bromide to oxazoline XVII of within the 
range of from about 2:1 to about 6:1 and a molar ratio of cupric bromide to DBU of within the range of from 
about 1:1 to about 1:3 in an inert solvent, preferably methylene chloride. The oxidation is preferably carried 
out in the presence of a base such as hexamethylenetetramine which is disclosed in U.S. Patent No. 

40 5,281.716, which is incorporated herein by reference. 

The so-formed oxazole ester VA may then be hydrolyzed employing conventional techniques such as 
by treatment with an aqueous solution of alkali metal base and then aqueous acid to form the corresponding 
acid VB which may be treated with sodium methoxide, sodium 2-ethylhexanoate or sodium ethoxide to form 
salt VC in the presence of acetone/methanol. 

45 The term "lower alkyl" or "alkyl" as employed herein includes both straight and branched chain 
radicals of up to 18 carbons, preferably 1 to 8 carbons, such as methyl, ethyl, propyl, isopropyl. butyl, t- 
butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, 
undecyl, dodecyl, the various branched chain isomers thereof, and the like as well as such groups including 
1, 2 or 3 substituents such as halo, alkenyl, alkynyl, aryl, alkyl-aryl, haloaryl, cycloalkyl. or alkylcycloalkyl. 

so The term "cycloalkyl" includes saturated cyclic hydrocarbon groups containing 3 to 12 carbons, 
preferably 3 to 8 carbons, which include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
cyclcoctyl, cyclodecyl and cyclododecyl, any of which groups may be substituted with substituents such as 
halogen, lower alkyl, and/or alkoxy groups. 

The term "aryl" or "Ar" as employed herein refers to monocyclic or bicyclic aromatic groups containing 

55 from 6 to 10 carbons in the ring portion, such as phenyl or naphthyl. Aryl (or Ar), phenyl or naphthyl may 
include substituted aryl, substituted phenyl or substituted naphthyl, which may include 1 or 2 substituents 
on either the phenyl or naphthyl such as lower alkyl,trifluoromethyl, halogen (CI, Br, I or F), alkylsulfonyl, 
and/or arylsutfonyl. 
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The term "aralkyl", "aryl-alkyl" or "aryl-lower alkyl" as used herein refers to lower alkyl groups as 
discussed above having an aryl substituent, such as benzyl. 

The term "lower alkoxy", "alkoxy" or "aralkoxy" includes any of the above lower alkyl, alkyl or aralkyl 
groups linked to an oxygen atom. 
5 The term "halogen" or "halo" as used herein refers to CI, Br, F or I, with CI preferred. 

The final compounds IB and IC prepared by the method of this invention are thromboxane receptor 
antagonists and as such are useful as inhibitors of thromboxane receptor mediated actions. The term 
"thromboxane receptor antagonist" includes compounds which are so-called thromboxane A 2 receptor 
antagonists, thromboxane A 2 antagonists, thromboxane A 2 /prostaglandin endoperoxide antagonists, TP- 
io receptor antagonists, or thromboxane antagonists. 

The compounds prepared by the method of the invention are also thromboxane synthetase inhibitors 
and thus are useful as inhibitors of thromboxane production. 

Examples of various utilities of the compounds prepared by the method of the invention are set out in 
U.S. Patent No. 5,100,889. 

75 The following Examples represent preferred embodiments of the present invention. Unless otherwise 
indicated, all temperatures are expressed In degrees Centigrade. 

Example 1 

20 (SH -[2-(Acetyloxy)-1 -pheny lethyl>2,5-dihydro-1 H-pyrrol-2,5-dione 
CHIRAL 



25 



30 




1,3-Bis(trimethylsilyl)urea (0.745 g, 3.65 mM) was added to (SH + )-2-phenylglycinol (0.5 g, 3.65 mM) 
35 dissolved in THF (10 ml, distilled from Na/benzophenone). The mixture was refluxed for 1 hr. A precipitate 
formed. Mateic. anhydride (0.376 g, 3.83 mM) was added and the mixture refluxed for 0.5 hr. H2O (66 ul, 
3.65 mM) was added to the cooled mixture and stirred for 30 min. to form the intermediate 




which was not recovered from the reaction mixture. Tetrabutyl-ammonium fluoride (TBAF«3H20, 0.115 g, 
0.365 mM), acetic anhydride (Ac 2 0) (3.44 ml, 36.5 mM), and triethylamine (TEA) (3.0 ml. 21.9 mM) were 

50 added and the mixture refluxed for 2.5 hrs. After cooling to room temperature, H2O (15 ml) was added and 
stirred for 1 hr. The reaction mixture was taken up in EtOAc (75 ml), washed with water (2 x 50 ml), 5% 
NaHCOa (50 ml), brine (25 ml), dried (MgSCU). and evaporated to a black oil: 0.88 g. Tne oil was Kugalrohr 
distilled under vacuum (-0.3 mm), oven temperature 110-30*, giving title compound as a colorless oil: 0.79 
g (83% yield). TLC (silica gel, EtOAc/hexane 7:3 visualized with UV and KMnO*) showed the product as 

55 one spot at R f 0.60. 
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Calcd. for C14H13NO4 (259.26) 


Found: 


C, 64.86; 
C. 65.15; 


H, 5.05; 
H, 5.05; 


N, 5.40 
N t 5.31; 


H 2 O0.00 (KF) 



70 



Example 2 

[2S-(2a,3aa,4j37l7aa)h2-(Octah^ 

A. [2(S),3aa,4/8,7/3,7aa}-2-[2-(Acety loxy)-1 -phenylethylh3a,4,7 f 7a-tetrahydro-4,7-epoxy-1 H-isoindole-1 ,3(2H)- 
dione 



15 



20 




CHj 



25 



30 



35 



40 



Tin chloride (2.90 ml, 2.90 mM, 1.0 M in CH2CI2) was added by syringe to 10 ml CH2CI2 at room 
temperature under argon. Example 1 compound (0.5 g» 1.93 mM) in 1 ml CH2CI2 was added and then furan 
(0.70 ml, 9.65 mM) was introduced. After 6 hours another 0.70 ml furan was added and the mixture stirred 
overnight. The mixture turned brown and a precipitate formed. The mixture was taken up in EtOAc (75 ml)/1 
N HCI (25 ml). It was filtered to remove the brown insoluble material. The layers were separated, and the 
EtOAc layer was washed with 1 N HCI (25 ml), water (25 ml), 5% NaHC0 3 (25 ml), brine (10 ml), dried 
(MgSO*). and evaporated to a yellow foam: 0.681 g. 

The foam was taken up in 30 ml warm MeOH, stirred with 5 g charcoal for 15 min, filtered through 
Celite, and evaporated to a slightly colored oil: 0.55 g. The oil was triturated with 3 ml MeOH. Crystals 
formed immediately. After standing at 0* for 1 hour, the crystals were filtered, washed with cold MeOH (2 X 
1 ml) and dried under vacuum overnight to give title compound: 0.47 g (75%), mp. 117-9 • , [o] 0 + 14.5 • (c 
= 1,CHCI 3 ). 



Anal, calcd. for CtsHuNOs-O.I H 2 0 (MW 327.32/329.2) 



Found: 



C, 65.67; 


H, 5.27; 


N, 4.25; 


C, 65.75; 


H, 5.07; 


N, 4.43; 



H 2 0 0.57 
H 2 0 0.57 (KF) 



45 



50 



55 



22 



EP 0 678 507 A1 

B. [2(S) t 3aa,4^7^7aa>Hexahydro-2'(2-hyclroxy-1-phenylethyl)-47-epoxy>1 H-isoindole-1 ,3(2HHJione 



5 



70 




Part A compound (0.400 g, 1.22 mM) and 5% Pd/C (40 mg) were stirred in EtOAc (10 ml) and H 2 was 
76 sparged through the mixture for 1.2 hrs. TLC (silica gel, EtOAc/hexane 7:3 visualized With UV and KMnO*) 
showed the Part 6 olefin and the saturated intermediate 



20 



25 




with the same R f 0.44. The olefin spot was KMnO* positive while the spot for the saturated intermediate (UV 
30 positive) from the reaction mixture was negative, th was sparged through the mixture for 15 min to remove 
excess H 2 . The catalyst was filtered through Celite and washed with EtOAc (4X2 ml). The filtrate was 
evaporated to an oil which solidified on standing after 2 days to saturated intermediate as fine white 
needles: 415 mg (quan. yield), mp. 96-8*. 

The above solid saturated intermediate (0.360 g, 1.06 mM) was dissolved in MeOH (10 ml) and K2CO3 - 
35 (15 mg) was added and stirred for 4 hrs. The KsCCb gradually dissolved. TLC (silica gel, EtOAc/hexane 7:3, 
visualized with UV and eerie ammonium molybdate) showed disappearance of saturated intermediate and 
appearance of a spot for the title compound at R f 0.20. MeOH was evaporated and the residue was taken 
up in EtOAc (25 ml) and washed with 1 N HCI (10 ml), H2O (10 ml), 5% NaHCOa (10 ml), and brine (10 
ml), dried (MgSOi), and evaporated: 029 g. 
40 The residue was dissolved in hot EtOAc (1.5 ml) and hexane (3 ml) was added with heating. The 
solution was let stand at room temperature for 3 hrs and at 0 • for 2 hrs. The crystals were filtered, washed 
with cold hexane, and dried under vacuum overnight to give title compound as a white solid: 025 g (82%), 
mp118-9\ tab -16.0* (c = 1.3. CHCb). 



45 


Anal, calcd. for CuHi 7 N0 4 , (MW 287.1) 




Found: 


C, 66.89; 
C, 66.83; 


H, 5.96; 
H.6.01; 


N, 4.88 
N, 5.06; 


H2O 0.00 (KF) 



50 



C. 2-(2-BromophenylH ,3-dioxolane 



55 



A 12L 3-necked flask fitted with an overhead stirrer was charged with 2-bromobenzakjehyde (800g, 
4.324 moles), ethylene glycol (402.6g, 6.485 moles), p-toluenesutfonic acid-KfeO (3.95g, 0.021 moles) and 
toluene (3.785kg f 41.074 moles). 

One side of the flask was stoppered (glass) and a Dean-Stark separator/condenser^ port was attached 
to the other side. 
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The heterogeneous yellow reaction mixture was stirred under a nitrogen atmosphere and heated to 
reflux for about 45 minutes. 

Water was collected via the Dean-Stark separator and the residue was cooled to room temperature, 
washed with 1.2L of saturated aqueous NaHC03 followed by 1.2L of saturated aqueous NaCI. 
5 The combined organic layers were dried over anhydrous MgS04, filtered, concentrated on a rotary 
evaporator and dried under high vacuum to provide title compound in the form of an oil. The so-formed oil 
was vacuum distilled to provide 52g and 876.2g of title compound (88.9% yield). 

D. [2S-(2g t 3aa t 4j9,7^ l 7aa)]-2-(Octahydro-3-oxo-4,7-epoxyisoben2ofuran-1-yl)benzaldehyde 

Into an oven-dried, argon purged 500 ml flask, Part C 2-(2-bromophenyl)-1 .3-dioxolane (71.5 g, 0.313 
mol) was dissolved in THF (240 ml). Magnesium turnings (11.4 g, 0.467 mol) were charged into a separate 
oven-dried, argon-purged 500 ml 3-necked flask equipped with a condenser. To this flask was added a 
portion (10.0 ml) of the above solution at room temperature. The reaction initiated by itself after stirring for 5 

15 min. The rest of the solution was added into the flask at such a rate which maintained a gentle reflux. After 
all of the solution had been added, the reaction mixture was stirred for an additional 2.0 h at room 
temperature to give the aryl Grignard reagent bromo[2-(1 ,3-dioxolan-2-yl) phenyl]magnesium. 

The Part B imide (50.0 g, which included 2g from a previous batch, 0.174 mol) was added to an oven- 
dried, argon purged 3.0 L 3-necked flask equipped with an addition funnel, dissolved in THF (790 ml), and 

20 cooled to -15 *C in an ice-methanol bath. To this solution was added C^HsMgCI (87.0 ml of a 2.0 M 
solution in THF) dropwise over a period of 0.5 hour via the addition funnel. After the addition was complete, 
the reaction was stirred for 0.5 hour at -15 *C. The ice-methanol bath was removed and replaced with an 
ice-water bath. The reaction mixture was stirred for an additional 0.5 hour at 0 # C. To this mixture was 
added dropwise over a period of 1.0 hour the above aryl Grignard solution (280 ml of a 1.12 M solution in 

25 THF, 0.313 mol). After the addition was complete, the reaction was stirred at 0 *C for 3.0 h. The ice-water 
bath was removed and the reaction was stirred for an additional 4.5 h. The reaction mixture was cooled to 
0 - C with an ice-water bath and quenched by adding ethanol (1.0 L). 

To the resulting mixture was added solid NaBH* (15.0 g, 0.397 mol) in 6 equal portions over 0.5 hour. 
The ice-water bath was allowed to melt and the reaction mixture was allowed to warm to room temperature 

30 and stirred for 14 h. The reaction mixture was poured into 10% Na2C0 3 (1.5 L) and the mixture was 
extracted with ethyl acetate (3 X 1 .5 L). The organic extracts were combined, washed with brine (1 .5 L), 
dried over MgSO* , filtered and concentrated in vacuo on the rotary evaporator as described above to obtain 
the crude [1 R-[1 a,2a(S*),3aa,4aJ-3-[[2-(1 ,3-dioxolan-2-y l)pheny l]hydroxymethy l>N-(2-hydroxy-1 - 
phenylethyl>-7-oxabicyclo[2.2.1]heptane-2-carboxamide (104.0 g, 110%) which was used in the next step 

35 without any additional purification. 

The above crude alcohol (104.0 g) was dissolved in toluene (250 ml) and heated to reflux for 3.0 h. The 
resulting solution was cooled to room temperature and then 1 N NaOH (750 ml) and ethanol (150 ml) were 
added. The mixture was vigorously stirred for 4.0 h at room temperature and then was extracted with ethyl 
acetate (750 ml). The aqueous layer was mixed with THF (125 ml). To this mixture was added 10% HCI 

40 (350 ml) at room temperature. The resulting mixture was then stirred at room temperature for 14 h during 
which time a white precipitate formed. The reaction was cooled to 0 'C for 1.0 hour. The white precipitate 
was filtered off using a medium fritted glass filter and washed with water (100 ml). The solid was dried 
under high vacuum to give title compound as a white solid (32.0 g, 71%) with 99.9% ee as determined by 
chiral HPLC. 

46 

Example 3 

[1S-(1a,2a,3a,4a)h2^2-(3-MethOxy-^ 
acid 

50 

A. [1 S-[1q(E) ( 3aa,4l,7l,7aq]h3-[2-((ta^ acid, 
methyl ester 

In a 250mL flask was placed Example 2 aldehyde (obtained from two different batches) (9.44g, 
55 36.54mmole), lithium chloride (1.7g, 40.19mmole) and acetonitrile (145mL). The solution was stirred 
magnetically under an argon atmosphere. Trimethylphosphonoacetate (7.32g, 40.19mmole) was added via 
syringe followed by 1,8-diazabicyclo-[5.4.0]undec-7-ene (DBU) (6.01 mL t 40.19mmole). The solution became 
cloudy and the temperature of the reaction rose to 42 *C. After 75 minutes. TLC indicated the reaction to be 
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complete. The mixture was poured into aqueous saturated sodium bicarbonate (500mL) and extracted with 
methylene chloride (2x500mL). The combined organic layers were dried over anhydrous magnesium 
sulfate, filtered, concentrated on a rotary evaporator (bath temp. 35 * C, -80mm Hg) and dried under high 
vacuum (-0.5mm Hg) at room temperature to provide 11.36g (98.9% yield) of crude title compound as a 
5 yellow, crystalline solid. 

B. [lS-(1q,2a,3a,4a)>2-[[2-(fr^ 
acid 

70 The Part A crude unsaturated ester (11.36g) was placed in a 250mL flask and dissolved in THF (35mL) 
and methanol (70m L). To the magnetically stirred solution was added Pearlman's catalyst (Aldrich) (Pd(OH)- 
2 /C) (1.14g). The flask was evacuated, then connected to a balloon filled with hydrogen. After being stirred 
at room temperature for 2 hours, a second portion of Pearlman's catalyst (1.14g) was added. The flask was 
re-evacuated and reconnected to the balloon filled with hydrogen. The mixture was stirred at room 

75 temperature for an additional 2 hours. TLC indicated complete conversion to title compound. The balloon 
was removed and celite (2.0g) was added to the mixture and stirred for 10 minutes. The mixture was filtered 
through a pad of Celite (45x25mm). The pad was washed with methanol (50mL). The filtrate was 
concentrated on a rotary evaporator as described above to provide a yellow oil- The oil was dissolved in 
methylene chloride (100rnL) and dried over anhydrous magnesium sulfate. The solution was filtered, 

20 concentrated on a rotary evaporator as described above, and dried under high vacuum (-0.5mm Hg) to 
provide 1 1 .81 g (101 .6% yield) of crude title compound. 

The above crude title compound (11.81g) was dissolved in hot ethyl acetate (23mL) and diluted with hot 
heptane (46m L). The mixture was allowed to cool while being stirred magnetically. The mixture was seeded 
at a temperature of 58 *C with crystals of title compound. Upon cooling to room temperature, a significant 

25 quantity of title compound had crystallized from the solution. An additional portion of heptane (65mL) was 
added and the mixture was stirred for 5 minutes. The mixture was allowed to stand at room temperature 
overnight The resulting solid was collected by suction filtration, washed with heptane (50mL), then dried 
under high vacuum at room temperature to provide 7.32g (62.9% yield) of title compound containing small 
traces of yellow material. 

$o The solid and the mother liquor were recombined and dissolved in ethyl acetate (120mL) and treated 
with Darco KB activated carbon (l.2g). The mixture was heated to reflux for 2 minutes, then allowed to cool 
to room temperature. Celite (2.4g) was added, and the mixture was stirred for 10 minutes, then filtered 
through a pad of Celite (45x25mm). The pad was washed with ethyl acetate (50mL). The filtrates were 
concentrated on a rotary evaporator as described above to provide a pale yellow oil. The oil was dissolved 

35 in ethyl acetate (23mL), heated to reflux and diluted with heptane (46mL). The mixture was then allowed to 
cool to room temperature with stirring. The mixture was seeded with crystals of title compound. After 
stirring at room temperature for -15 minutes, additional heptane (65mL) was added. The flask was placed in 
a cold room (~4*C) overnight. The resulting crystals were collected by suction filtration, washed with 
heptane (50mL) and dried under high vacuum (-0.5mm Hg) at room temperature to provide 9.97g (85.7% 

40 yield) of title compound. 

Example 4 

N-Pentyl-L-Serinamide 

A. Carbobenzyloxy-L-Serine 

L-Serine (20.00 g, 190.3 mmol) was dissolved in water, and aqueous sodium hydroxide was added to 
adjust the pH of the solution to about 8.5 while maintaining the temperature at about 25 *C. Benzyl 

so chloroformate (36.0 g, 211.0 mmol) was added while the pH was maintained between 8.3 and 8.5 by the 
addition of aqueous sodium hydroxide and the temperature was maintained at about 30 -C. The mixture 
was stirred for about 2 hours. The reaction mixture was extracted with methylene chloride. The phases were 
separated, and the pH of the aqueous phase was adjusted to about 7 with concentrated hydrochloric acid. 
The aqueous phase was heated to about 40'C under tow vacuum to remove any residual methylene 

55 chloride. Water was added and the aqueous solution was heated to about 60 " C. The pH was adjusted to 
about 2 with concentrated hydrochloric acid while maintaining the temperature at about 60* C. The solution 
was cooled to about 50* C while stirring and seed crystals were added. With stirring, cooling was continued 
to about 0 • C to complete the crystallization. The product was collected and the cake was washed with cold 
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(about 5 • C) water. The product was dried under vacuum at about 40 • C to afford carbobenzyloxy-L-serine. 
B. N-Pentyl-L-serinamide, oxalate (1:1) salt 

5 Under an inert atmosphere, 1,8-diazabicyclo[5.4.0]undec-7-ene (5.10 g, 33.5 mmol) was added to a 
suspension of Part A carbobenzyloxy-L-serine (7.50 g, 31 .4 mmol) in ethanol. Ethyl acetate was added and 
the mixture was agitated (optionally, with heating up to about 50 * C) to obtain a clear solution. Pyridine (0.25 
g, 3.2 mmol) was added and the mixture was cooled to about -30 # C. frimethylacetyl chloride (4.12 g, 34.2 
mmol) was added and the mixture was maintained at about -30 *C. With cooling, o-amylamine (3.00 g, 34.4 

ro mmol) was added and the mixture was stirred at about -10 *C for about 2 hours. Cooling was discontinued 
and aqueous phosphoric acid was added. The mixture was warmed to about 10 *C and the phases were 
separated. The organic solution was washed sequentially with aqueous phosphoric acid, aqueous potassium 
carbonate, and brine. Throughout these extractions, the aqueous phase was back extracted with ethyl 
acetate. The combined organic solution was distilled under vacuum at about 25 *C while ethanol was added 

75 until all of the ethyl acetate was removed. Under an inert atmosphere, 10% palladium on carbon (50% 
water, 0.75 g) was added. The resulting mixture was purged with nitrogen and then stirred in the presence 
of hydrogen at about 25 * C for about 6 hours. The catalyst was removed by filtration, and the clear filtrate 
was partially concentrated under vacuum at about 30 * C. The concentrated filtrate was added to a solution 
of oxalic acid dihydrate (4.35 g, 34.5 mmol) in ethanol and water and a thick precipitate was formed. The 

20 suspension was heated to reflux to obtain a clear solution. Water was added at the reflux temperature until a 
slight turbidity was observed. The mixture was cooled to about 0*C and stirred until crystallization was 
complete (about 1 hour). The product was collected and the cake was washed with ethanol. The product 
was dried under vacuum at about 25 • C to afford title compound. 

25 Example 5 

[lS-(1a,2a,3a t 4q)>2^[3-[4-[(Penty^ 
benzenepropanoic acid, monosodium salt 

30 A. [1S-[1a,2Q,3tt(R^,4a]>2-[[3-[[[1-(H^ 

oxabicyclo[2.2.1]hept-2yl]methyl]benzenepropanoic acid, methyl ester 

Under an inert atmosphere, a catalytic amount of dimethylformamide (0.067 mL, 0.87 mmol) was added 
to a solution of Example 3 carboxylic acid (6.66 g, 20.9 mmol) in toluene and the resulting mixture was 
35 cooled to about 0*C. While maintaining the temperature below 0'C, oxalyl chloride (2.96 g, 23.3 mmol) 
was added and the mixture was stirred at about 5*C for about 3 hours. The resulting acid chloride solution 
was partially concentrated under vacuum at about 40 "C and then used in the coupling reaction described 
below. 

Meanwhile, Example 4 amide (6.17 g, 23.3 mmol) was added to a solution of sodium bicarbonate (9.63 
40 g, 115 mmol) in water while the temperature was maintained at about 20* C. Methyl ethyl ketone was added 
and the biphasic mixture was cooled to about 0 # C. While maintaining the temperature at about 0*C, the 
previously prepared acid chloride solution was added with stirring. The mixture was stirred at about 5 *C for 
about 20 hours and then heated to about 60 *C and the phases were allowed to separate. The organic 
phase was washed at about 50 *C sequentially with saturated sodium bicarbonate solution, aqueous 
45 phosphoric acid, and brine. The organic solution was partially concentrated under vacuum at about 40 * C to 
obtain a thick suspension. /vHeptane was added and the resulting mixture was cooled to about 20 *C with 
stirring. The product was collected and the cake was washed with o- heptane. The product was dried under 
vacuum at about 35 • C to afford title ester. 

50 B. [1 S-[1tt,2a,3a(R'),4a]h2-{t3-[4,5-Dihyd ]hept-2- 
yl]methyl]benzene-propanoic acid, methyl ester 

Under an inert atmosphere, Part A ester (7.00 g, 14.7 mmol) was dissolved in dry dimethyfformamide. 
The moisture content of the resulting solution must be <0.1% w/w; if it was higher, the solution was first 
55 dried by vacuum distillation of a portion of the solvent and dry dimethylformamide was added to restore the 
original solution volume. Triethylamine (4.29 g ( 42.4 mmol, plus approximately 1 mmol per mmol of water 
measured in the Part A ester solution) was added and the mixture was cooled to about 0*C. While 
maintaining the temperature below 5 # C, methanesulfonyl chloride (2.02 g, 17.6 mmol, plus approximately 



26 



EP 0 678 507 A1 



0.4 mmol per mmol of water measured in the Part A ester solution) was added. The reaction mixture was 
stirred at about 5*C for about 5 hours. The mixture was warmed to about 25 'C and stirred for about 20 
hours. Cold (about 5 • C) water was added while maintaining the pH at about 8.0 by the addition of aqueous 
phosphoric acid. The resulting suspension was stirred at about 10 *C for about 1 hour. The product was 
5 collected and the cake was washed with cold (about 5 • C) water. The product was dried under vacuum at 
about 25* C to afford title compound. 

benzenepropanoic acid, methyl ester 

TO 

Under an inert atmosphere, hexamethylenetetramine (5.89 g, 42.0 mmol) was added to a mixture of 
copper(ll) bromide (8.63 g, 38.6 mmol) and methylene chloride. A solution of 1 ,8^iazabicyclo-[5.4.0]undec- 
7-ene (6.38 g, 41 .9 mmol) in methylene chloride was added with slight cooling to maintain the temperature 
at about 30 # C. A solution of Part B ester (4.50 g, 9.86 mmol) in methylene chloride was added, and the 

75 reaction mixture was stirred at about 30 # C for about 14 hours. The mixture was cooled to about 20*C and 
filtered, and the cake was washed with methylene chloride. At this point, the filtrate may be combined with 
the filtrate from another run. The filtrate was concentrated under vacuum at about 30 # C. and ethyl acetate, 
water and aqueous ammonia were added to the resulting residue. The phases were separated, and the 
organic phase was washed with a mixture of water and aqueous ammonia. The resulting aqueous solution 

20 was back extracted with ethyl acetate. The combined organic phase was washed sequentially with aqueous 
phosphoric acid and brine. Brine was added to the organic phase and the pH was adjusted to about 7 with 
saturated sodium bicarbonate. The organic solution was separated and partially concentrated under vacuum 
at about 40 *C. Seed crystals of title compound were added followed by n-heptane. The remaining ethyl 
acetate was replaced with n-heptane by a vacuum-distillation exchange procedure at a temperature of 40 • C 

25 or below. The product was collected and the cake is washed with n-heptane. The product was dried under 
vacuum at about 25 *C to afford title compound. 

D. [1 S-(1 q,2a.3a,4q)K-[[3^4K(Pentyl^ ]hept-2-yl]methy \y 

benzenepropanoic acid, monosodium salt 

30 

Under an inert atmosphere, 1 N sodium hydroxide (3.6 mL, 3.6 mmol) was added to a cold (about 5 • C) 
solution of Part C ester (0.600 g. 1.32 mmol) in tetrahydrofuran. The reaction mixture was stirred at about 
25 * C for about 4 hours. The reaction mixture was partially concentrated under vacuum at about 35 • C. The 
concentrated solution was diluted with water and then washed with diethyl ether. The phases were 

35 separated and the pH of the aqueous solution was adjusted to about 7 with concentrated hydrochloric acid. 
Methylene chloride was added and acidification was continued with stirring to a pH of about 2. The phases 
were separated and the aqueous layer was extracted with methylene chloride. The resulting combined 
organic extract was washed sequentially with water and brine. The organic solution was dried over 
anhydrous magnesium sulfate, filtered and concentrated under vacuum at about 25 *C to a solid. The 

40 resulting solid was dissolved in hot (about 90* C) acetonitrile, and the solution was allowed to stand at room 
temperature without stirring for about 12 hours. The product was collected and the cake was washed with 
cold (about 5 • C) acetonitrile. The product was dried under vacuum at about 35 ' C to afford title compound. 

Under an inert atmosphere, title compound (461 g, 1.04 mol) was dissolved in acetone at about 50 # C. 
The resulting solution was cooled to about 35' C and a solution of 25% w/w sodium methoxide in methanol 

45 (0.264 mL, 1.15 mol) was added. The resultant slurry was allowed to cool to about 25 *C with stirring. The 
product was collected and the cake was washed with acetone. The product was dried under vacuum at 
about 35* C to afford title compound. 

50 



55 
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Example 6 

(SH-)-tt-Methylbenzylmaleimide 



10 




15 A. (SM-)-tt-Methylbenzylmaleamic acid 



20 




25 



Material 


F.W. 


Moles 


Equlv. 


Amount 


Maleic Anhydride 


98.06 


0.102 


1.0 


10.00g 


MBA* 


12M8 


0.107 


1.05 


13.80 ml 


Acetonitriie 








100.0 ml 



*(SM-)-tt-methylbenzylamine 



35 

A 250 mL three-necked flask fitted with mechanical stirrer, condenser and thermocouple was charged 
with maleic anhydride and acetonitriie. 

The <SH~W^ethylbenzylamine was added dropwise via an addition funnel (over a fifteen minute 
period) with stirring to the maleic anhydride solution. The reaction was complete in three hours according to 
40 HPLC to form title compound. 

B. (SH*)-g-Methylbenzylmaleimide 



45 



Material 


F.W. 


Moles 


Equiv. 


Amount 


Part A Maleamic acid 






1.0 


100.0 ml approx. 


Diisopropylamtne 


101.19 


0.204 


2.0 


28.58 ml 


HMDS* 


161.14 


0.204 


2.0 


43.00 ml 



"1,1,1 ,3,3,3-Hexamethyldisilazane 



Diisopropylamine was added to the stirring colorless reaction solution via an addition funnel followed by 
a rapid addition of the MMDS. 
55 The reaction solution was heated to reflux (76.0*0) and refluxing was maintained for 18 hours. The 
reaction solution changed from a colorless solution to a dark wine solution. The reaction was judged 
complete via HPLC to form title compound. 
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The reaction solution was allowed to cool to room temperature and the acetonitrile was removed in 
vacuo giving a wine colored oil. Ethanol (50 ml) and 1 N HCI (50 ml) were added to the oil and the solution 
was stirred at 45 • C for ten minutes. The ethanol was removed in vacuo and the wine solution was extracted 
with methylene chloride (100 ml). The organic layer was washed with saturated sodium bicarbonate (50 ml), 
brine (50 ml) and dried over anhydrous magnesium sulfate. The methylene chloride was removed in vacuo 
to give a dark wine oil (13.09 g. 63.8 M% yield). This oil was purified on a pad of silica gel eluting with 
hexane/ethyl acetate 7:3 to give title compound in the form of a pale amber oil (10.71 g. 52.2 M% yield). 

Example 7 

[2(S),3att,4fl ,7fl,7aa]-Hexahydro-2-(1 -phenylethyl)-4.7-epoxy-1 H-isoindole-1 ,3(2H)-dione 

AICI 3 (0.199 g. 1.49 mM) was added to Example 6 imide (1.0 g, 4.98 mM) and furan (1.08 ml, 14.9 
mM) stirred in CH2CI2 (16.6 ml) chilled in an ice bath under an argon atmosphere. After 15 min the ice-bath 
was removed and the mixture was stirred overnight at room temperature. A black precipitate was formed. 
TLC (silica gel. EtOAc-Hexane 1:1, visualized by UV and eerie ammonium molybdate) showed disappear- 
ance of the imide R f 0.71 and appearance of the title compound at R| 0.44. EtOAc (20 ml) and 1 N HCI (20. 
ml) were added and stirred for 10 min. The mixture was filtered through Ceiite to remove a brown solid 
which was washed on the filter with EtOAc (100 ml). The filtrate was added to a separatory funnel, the 
aqueous layer separated, and the organic layer washed with 1 N HCI (20 ml), water (20 ml), 5% NaHCOa - 
(20 ml), brine (10 ml), and dried (MgSCU for 5 min). Darco G-60 (0.5 g) was added and stirred for 30 min. 
The mixture was filtered through Ceiite and evaporated to -25 ml. The residue was washed with 25 ml 
EtOAc into a hydrogenation flask containing 5% Pd/C (0.1 g). H2 was sparged through the mixture for 1 nr. 
N 2 was sparged for 15 min. to remove excess H2. Darco G-60 (0.5 g) was added and stirred for 30 min. 
The mixture was filtered through Ceiite. washed with EtOAc. and evaporated: 1.27 g (94% crude yield). 

The semisolid residue was dissolved in EtOAc (1.5 ml) and heptane (10 ml) by heating on the steam 
bath. The solution was let stand at room temperature for 2 hrs and at 0 # for 3 hrs. The crystals were 
filtered, washed with cold hexane and dried overnight under vacuum to yield 1.12 g (83%) of title 
compound, mp. 1 07-9 • . 



Anal, calcd. for C16H17NO3 (271.3) 



C, 70.83; 


H, 6.32; 


N, 5.16; 


H2 0 0.00 


C, 70.88; 


H, 6.25; 


N, 5.19; 


H2 O0.01 (KF) 



The title intermediate is employed to prepare the aldehyde as described in Example 2. 
Example 8 

(SH-)-«-Methylbenzylma)eimide 

The title compound (SH-W-methylbenzylmaleirnide was readily obtained from (S)-(-H»-methylbenzyl- 
maieamic acid. 



Material 


F.W. 


Moles 


Equrv. 


Amount 


Maleamic acid . 


219.24 


0.245 


1.0 


53.8 g 


HMDS* 


161.40 


0.758 


3.1 


160.0 ml 


Acetonitrile 








1500 ml 



•1 ,1 ,1 ,3.3,3-Hexamethyldisilazane 



A 2000 mL. three necked flask fitted with mechanical stirrer, condenser and thermocouple was charged 
with 53.8 grams of Example 6 Part A maleamic acid. 1500 mis. of acetonitrile and 160 ml. of HMDS. 

The above solution was refluxed for 48 hours. The reaction was judged to be complete by the absence 
of starting maleamic acid by HPLC. 

The pink reaction solution was cooled to room temperature and acetonitrile was removed in vacuo. The 
resulting oil was dissolved in ethyl acetate (500 mis) and washed with 50 mis. of a 1N HCI solution followed 
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10 



15 



by 100 mis. of a saturated bicarbonate solution. The rich organic layer was washed with a saturated brine 
solution and dried over magnesium sulfate. The removal of the ethyl acetate in vacuo afforded 36.0 grams 
of title compound, 72.9M% yield. 

The title compound is employed to prepare the Example 2 aldehyde employing the procedures of 
Examples 7 and 2. 

* 

Claims 

1. A method for preparing a homochiral maleimide intermediate of the structure 



O 

° *» 



20 

wherein 

R 7 is aryl or lower alkyl, 
R 8 is H, aryl or lower alkyl, and 
R 9 is H. OH or lower alkyl. 
25 which comprises 

(a) providing an amine of the structure 



30 



KC— R a 

I 



35 wherein R 7 , R 8 and R 9 are as defined above, and 

(b) treating the amine with maleic anhydride, a silylating agent and an organic base to form the 
maleimide intermediate. 

2. The method as defined in Claim 1 wherein reaction of the amine with maleic anhydride forms an amide 
40 acid of the structure 




45 



50 

which is reacted with the silylating agent in the presence of an amine base to form the maleimide 
intermediate. 

3. The method as defined in Claim 1 wherein the starting amine has the structure 

55 
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s. i or 4 

HC-8* HC— R* 

I, I 
R» R» 

10 

4. The method as defined in Claim 3 wherein the starting amine has the structure 



H 



? 

m 

CH, 

20 

and is reacted with maleic anhydride in the presence of acetonitrile. 
5. The method as defined in Claim 2 wherein the amide acid has the structure 

25 



30 



35 

and is reacted with the silylating agent and amine base at a temperature within the range of from about 
60toabout 110*C. 

40 6. The method as defined in Claim 5 wherein the amine base is diisopropytamine and the silylating agent 
is I,l t 1,3.3 f 3-hexamethylsila2ane (HMDS). 

7. The method as defined in Claim 1 wherein the organic base is diisopropylamine. triethylamine, 
tributylamine or diisopropylethylamine 

45 

& The method as defined in Claim 1 wherein the silylating agent is 1,1,1,3,3,3-hexamethylsilazane 
(HMDS), chlorotrimethylsilane (TMSCI). 1 ,3-bis(trimethylsilyl)urea (BSU) or bistrimethylsilylacetamide 
(BSA). 

50 9. The method as defined in Claim 1 wherein the maleimide intermediate prepared has the structure 
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II CH 3 



10 



75 



20 



25 



30 



35 



40 



10. A method according to Claim 1 for preparing a maleimide intermediate of the structure 

O 



'OCOAlkyl 



wherein R 7 is aryl or lower alkyl, and R 8 is H, aryl or lower alkyl. which comprises 

(a) providing an amine of the structure 

H 2 M— C-R 7 

HC— R 1 
I 

OB 

wherein R 7 and R 8 are as defined above, 

(b) treating the amine with a silylating agent and maleic anhydride to form silylated compound of the 
structure 




\ 

O Silylating group 



and 

(c) treating the silylated compound with water, a desilylating agent, a cyclizing agent and an organic 
base to form the maleimide intermediate. 

so 11. The method as defined in Claim 10 wherein the starting amine has the structure 

c c 

«C— »• HC— *• 

I I 
OB OB 
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12. The method as defined in Claim 10 wherein the starting amine has the structure 



5 




and is treated with the silytating agent, which is 1 ,3-bis(trimethylsilyl)urea, at a temperature within the 
range of from about 50 to about 70 * C and then the resulting silylated compound is treated with maleic 
anhydride at a temperature within the range of from about 50 to about 70 *C to form the silylated 
16 compound 



20 



25 




-K3 



CB a 

OB x 

OSKCH,), 



13. The method as defined in Claim 12 wherein the silylated compound is treated with water, desilylating 
agent which is tetrabutylammonium fluoride, cyclizing agent which is acetic anhydride and organic base 
which is triethylamine, at a temperature within the range of from about 50 to about 70 • C, to form the 
30 maleimide intermediate of the structure 



35 



40 



50 



OCOCHj 



14. The method as defined in Claim 10 wherein the silylating agent is 1,3-bis(trimethylsilyl)urea (BSU), 
bistrimethylsilylacetamide (BSA), chlorotrimethylsiiane (TMSCI) or 1,1,1,3,3,3-hexamethylsilazane 

45 (HMDS). 

15. The method as defined in Claim 10 wherein the cyclizing agent is acetic anhydride or propionic 
anhydride; the desilylating agent is tetrabutylammonium fluoride, potassium fluoride or cesium fluoride, 
and the organic base is triethylamine, tributylamine or diisopropylamine. 



16. A method for preparing an oxazote acid of the structure 



55 
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5 



10 




wherein R 1 is hydrogen, lower alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, or an amide of the 
structure 

OH BO 

II I I II 

-<CH a ) t -C-M-R a or -<CH a ) t -M-C-R. 

20 

wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl or cycloalkylalkyl; 
R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or 

R 1 and R 2 together with the N to which they are linked form a 5- to 8-membered ring which 
contains only the single N heteroatom, or esters thereof or pharmaceutically acceptable satts thereof, 
25 which comprises forming a maleimide intermediate of the structure 



30 




35 

employing the method of preparation as defined in Claim 1, reacting the above imide with furan in the 
presence of a Lewis acid to form an imide of the structure 



40 




reducing the above imide by reacting the imide with hydrogen in the presence of a reduction catalyst to 
so form the imide intermediate 



55 
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5 




and employing the imide intermediate to form an oxazole acid, ester thereof or pharmaceuticaily 
acceptable salt thereof. 

17. A method for preparing an oxazole acid of the structure 

15 



20 



25 




wherein R 1 is hydrogen, lower alkyl, aryl, aralkyl, cycloalkyl. cycloalkylalkyl, or an amide of the 
structure 

30 

OH HO 

-(CH a ) fc -c-ir-R % or -(CBa>t-*-c-R« 

35 

wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl or cycloalkylalkyl; 
R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or 

R 1 and R 2 together with the N to which they are linked form a 5- to 8-membered ring which 
contains only the single N heteroatom, or esters thereof or pharmaceuticaily acceptable salts thereof, 
ao which comprises forming an ester compound of the structure 



45 



50 



O 



it' 



CBjOCOCB, 



according to the method as defined in Claim 10, treating the ester compound with furan to form a 
compound of the structure 



55 
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treating the above compound with H2 in the presence of a hydrogenation catalyst to form an ester of 
the structure 




and deacetylating the above ester with alkali metal carbonate and alcohol to form the imide intermedi- 
ate of the structure 




O CH3OH 



and employing the imide intermediate to form an oxazole acid, ester thereof or pharmaceutically 
acceptable salt thereof. 
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